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(54) METHOD FOR AUTOMATICALLY ADJUSTING CHARACTERISTIC VARIABLE IN 

OPTICAL CODE READ SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a method for 
automatically adjusting the characteristic variables of an 
image which is especially suitable for the case that the 
changing speed of the various characteristics of 
continuing images is high by detecting the characteristic 
variables of an image, and correcting a controlled 
parameter acting on the variation of the measured 
characteristic variables when a read operation is 
completed. 

SOLUTION: The selective step of the initialization of a 
parameter is obtained at first (20). Next, an image 
including optical codes to be checked is obtained (30). 
Then, the obtained image is analyzed (40). At last, 
whether or not it is necessary to change the operating 
point of a read system (applied by one set of the 
present values of the control parameter) is judged so 
that initial self- learning can be attained, and the 
dynamic variation of the read system can be monitored 
(50). Thus, statistical quality examination related with 

plural preceding images can be attained, and continuous capture suitable for the secular 
variation of outside and inside conditions can be optimized. 
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Japanese Patent - 2000-231600 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which an invention belongs] This invention relates to the 
method of adjusting the characteristic of an optical code reading system 
automatically. 
[0002] 

[Description of the Prior Art]ln the following, the term of an "optical code" is used, 
when it means the graphic display which has the function to memorize the coded 
data. Although a linear code or two-dimensional numerals are contained in the 
specific example of an optical code, Data In this case, a bar code and stack-ized 
numerals (PDF417 is included), Maxi code (Maxicode), the data matrix 
(Datamatrix), It is coded by what combined appropriately the element with the 
predetermined shape, for example, the square, rectangle, or hexagon of the dark 
color (it is usually black) separated by bright elements (usually white space), 
such as QR numerals and color numerals. 

[0003]The term of an "optical code" further more generally contains non-coding 
characters (a character, a number, etc.) and specific patterns (a stamp, a logo, a 
signature, etc.). These information may be coded again, three or more colors, for 
example, a gray color tone. 
[0004]Numerals are for an optical code to exist. 

It is possible to read by acquiring a two-dimensional picture in the field that 
localizing the numerals within a picture is expected. 

[0005]The step which generally distinguishes first one or more fields where at 
least one numerals exist within the picture memorized immediately before for 
numerals localization, Next, the step of one ream which comprises the step 
which localizes a specific recognition pattern to each numerals, the step which 
gains the data about a actual numerals type, and the step which divides 
numerals into the last correctly is required. By next, this divided numerals picture 
is processed in order to extract the feature required for decoding, and eventually, 
in order to extract required data, decoding of these numerals is carried out. 
[0006]Although it can say that data was extracted, and especially decoding 
operation has been recognized to be exact, was begun, and was completed 
correctly, On the contrary, when a processing system succeeds in no extraction 
of data, when the probability that the extracted data is exact is insufficient, or 
when the extracted data is not equivalent to the data needed, it means 
completing it in the negative. 

[0007]Although it depends on some factors for the probability that reading will be 
successful, some things of them are the problems (for example, quality etc. of the 
optical code read) of the exterior of a reading system. 



Other things are based on the photoelectricity/mechanical parameter of a reading 
system. 

[0008]ln fact, it has the variable characteristic about the type and time of 
installation with each inspected thing like other physical systems with any reading 
systems. Especially the characteristic of a reading system changes with each 
component parts which constitute the inspected thing which has the 
characteristic of changing within specific common difference (breadth). In 
addition, the external conditions (for example, temperature) take many 
component parts for changing, and the characteristic changes and carries out 
degradation with the passage of time. 

[0009]although the calibration method used among the both sides of manufacture 
and installation is common knowledge in order to solve these problems - it - in 
addition, while operator control is carried out automatically and the system of 
relation is operating, a regulating method with an effect is common knowledge. 
[0010]ln the optical code reading system which reads the object which is carrying 
out unintercepted movement, although it is difficult especially to adjust the 
characteristic, this is because it is impossible to concentrate on a reference 
image and the characteristic of a picture gained very promptly. 
r0011llf drawing 1 is referred to in order to understand the existing problem 
better, the place indicating the object 3 in which the conveyor belt 2 with which 
the common optical code reader named generically with the reference number 1 
is provided is supporting the optical code 4 which is a bar code in this case is 
shown. 

[0012]The conveyor belt 2 is combined with the optical encoder 5, and the speed 
of the object 3 is measured, in addition the existence sensor 6 and the height 
sensor 7 are put on one conveyor-belt 2 side. 

[0013]Above the conveyor belt 2, the picture acquisition device 10 which has the 
sensing area 1 1 and is pointing to the lighting part 12 is arranged. 
The picture acquisition device 10 is connected to the handling unit 13 which can 
also be included in the picture acquisition device 10 as an option again and 
which is expressed with the personal computer in this case. 

[0014]ln order for the system of the type shown in drawing 1 t o operate correctly, 
it is indispensable to set correctly many parameters of the picture acquisition 
device 10 of the lighting part 12 and the handling unit 13. In particular, in an 
optical code reading system, although there are picture focusing and luminosity 
in the indispensable characteristic, there is fixed modification of the dimension on 
the appearance of the object which is caused by printing and/or the far and near 
phenomenon, for example, is read, and an optical code in other important 
characteristics. These characteristics can be detected by measuring physical 
quantity of a certain kind directly. For example, although focusing of a picture is 
detectable by measuring the energy of the analog signal supplied from the 
picture acquisition device 10, or a digital signal, it is because luminosity 
inclination is low, therefore the energy of the picture which faded is also low so 



that ****[ the reason]. 

[001 5]It depends for the various characteristics of a reading system, therefore a 
corresponding measurand on the value of two or more parameters of a reading 
system. For example, the following are important in the parameter which can be 
adjusted. The position of an automatic-focusing doubling device, the sensitivity (.) 
of the picture acquisition device 1 0 Namely, the profit of the circuit in the device 
10 which acquires the electrical signal produced in the sensing area 11, and 
performs initial processing, the scan speed of the object which is emitted by the 
illuminating devices 1 1 and which is outputted and (namely, service voltage 
which is given to the lighting part 12, and which is carried out) investigated 
(although set up externally) It is a threshold required for the decoding processing 
which is dependent on the movement speed of the conveyor belt 2, and judges 
whether a specific voltage level corresponds to "white" or "black", for example. 
[0016]lt depends for some optimum values of these parameters (a metaphor is 
the irradiation output and sensitivity of the position of an automatic-focusing 
doubling device, and a television camera) on the height of the object to the 
picture acquisition device 10. 

[001 7](For example, like [ of the shot of television ]) In the reading system by 
which the pictures acquired differ little by little mutually, the problem which 
optimizes these parameters is already solved by various methods. [ one ] [ after 
another ] For example, the television camera for televisions of all the marketing 
has an automatic gain control function, and it is possible to suit various lighting 
conditions. It becomes possible to fit oneself of a television camera to the 
sensitivity for acquiring the following picture considered not to differ from the 
picture greatly by analyzing the acquired newest picture. Similarly, all the 
commercial television cameras have an automatic-focusing doubling device 
which analyzes the newest obtained image (based for example, on color 
convergence). 

[0018]Actually, feedback mechanism is used in order to acquire the best imaging 

quality promptly. 

[0019] 

[Problem(s) to be Solved by the lnvention]However, when the picture acquired 
succeeding the case where the variation speed of a picture characteristic 
becomes large too much, and it becomes impossible to compare with acquisition 
speed may completely be mutually different, above-mentioned feedback 
mechanism does not function any longer. In such a case, it is required for the 
characteristic of the following picture to predict to appear in a television camera, 
and to optimize all the acquisition parameters beforehand. 
[0020]For example, although predicting capability can be heightened by using the 
additional sensor which supplies beforehand the data about the distance 
between an object and a television camera, or its average luminance, this 
method is not enough in many cases. 

[0021 ]For example, change of the lighting resulting from degradation of a lamp 
with the passage of time cannot be measured depending on only calculating the 
average measurement luminance value of the object which should be gained (for 



the reason, it cannot amend again). When a dark object continues extremely 
long, a lighting unit may be suddenly judged to have carried out degradation with 
the passage of time. 

[0022]Similarly, the optimal focusing position may be changed in time influenced 
by the electromechanical various characteristics of fluctuation of an automatic- 
focusing doubling positioning device or distance sensors. 
[0023]The purpose of this invention is to provide the automatic regulating method 
of the characteristic variable which suits especially when the variation speed of 
the various characteristics of a continuous picture is high in an optical code 
reading system. 
[0024] 

[Means for Solving the Problemjlf this invention is followed, a method for 
adjusting automatically at least one characteristic variable of an optical 
agreement reading system characterized at the following steps is provided. 
[0025]acquisition of a step a picture, and Step b - at least one optical agreement 
in the picture is read, [ try and ] Step c - verification of whether the reading was 
completed correctly, and Step d - acquisition of the characteristic variable about 
the picture when that is right, and Step e - change of at least one controlled 
parameter which acts on change of the acquired characteristic variable. 
[0026]A characteristic variable (or quantity) is acquired suitably several times, an 
average statistical data is acquired about reading of a large number, and a real 
qualitative difference between continuous pictures is measured. Regulation is 
performed continuously and change of the characteristic of a reading system 
resulting from change of component parts of an environmental cause or an inside 
is monitored. 

[0027]Display brightness and the focusing characteristic are contained in quantity 
of the characteristic adjusted, and a control parameter is chosen as it from a 
focusing position, picture acquisition sensitivity, a lighting output, a judgment 
threshold used for reading, and image scanning speed. 

[0028]A control parameter, respectively and when a relation between each of the 
amount of characteristics is not known, This method changes a value of the 
present parameter with one positive small displacement and one negative small 
displacement at least from the current value, and assesses which [ of the two 
displacement ] gives better imaging quality. In continuing reading to lengthen, a 
value with a new control parameter turns into a center value. By repeating this 
process, it becomes easy to move a center value of a control parameter toward 
optimal position promptly, and it can monitor any change of-like at the time of a 
path of this position. 

[0029]The further characteristic of this invention will become clear by explanation 
of a desirable embodiment which is given as completely un-restrictive illustration, 
and is described with reference to the following accompanying drawings. 
[0030] 

[Embodiment of the lnvention]By this invention, if it is possible only for the initial 
learning time (it is not assumed that the reading system is operating correctly in 
the meantime) when a reading system is specific to stand by, It becomes 



possible using an initial self-learning process to initialize the parameter of an 
optical agreement reading system, It becomes possible to change continuously 
the present regulation for fitting parameter value to the-like change at the time of 
the surrounding environment and the path of internal component parts further 
again using the optimized method (autogenous control). 
[0031 ]ln the embodiment of drawing 2 w hich follows this invention especially, 
there is an alternative step of initial setting of a parameter first (block 20). This 
step is manual, once a reading system is attached, it is carried out (or after 
maintenance discontinuation of component-parts exchange), but it can 
abbreviate to having already stated. 

[0032]Then, the block 30 with which a picture including the optical agreement 
which should be inspected is acquired, in a reading process ~ this article - for 
the autogenous control at the time of a standard operation also for self-study in 
case a reading system carries out the operation start of this qualitative picture 
acquisition - this article - it is qualitative. It is peculiar to all the optical 
agreement reading systems, and picture acquisition is performed in accordance 
with the well-known method using CCD or CMOS type linearity or a matrix 
sensor, and supplies the analog or the digital electrical signal relevant to a 
luminance level of each dot (pixel) which forms a picture. 
[0033]Then, the block 40 with which the acquired picture is analyzed, this 
analysis described below with reference to drawing 3 is unnecessary to 
regulation of a control parameter, when the purpose of trying the purpose of 
searching the present optical agreement (two or more optical agreements), 
decoding, or recognition, and a positive consequence come out in a picture - it 
has the purpose which gains the image volume of shoes and is memorized 
appropriately. 

[0034]The block 50 whose monitor of dynamic change of a reading system it is 
finally judged whether it is necessary to change the operating point of a reading 
(given by 1 set of present value of control parameter) system, and the initial self- 
study of is attained, or is attained. Although an operating point change step is 
explained below with reference to drawing 4 thru/or drawing 9 , following on it, it 
returns to the block 20 and acquisition of a new picture is performed. 
[0035]The step (block 40 of drawing 2 ) which analyzes the acquired picture is 
explained with reference to drawing 3 . The block 70 which will search first the 
field which probably includes optical agreement within the picture which the 
handling unit 13 was gained and was memorized if it explains in full detail. This 
step is performed using the method of the common knowledge which searches 
for the field which has the biggest contrast within a picture, for example. 
Agreement is formed of an element or structure with a different color (for 
example, white and black), and it is because the specific repetitive shift of the 
color is the purpose of coding. 

[0036]. Then, a reading system verifies whether at least one agreement field was 
identified. The block 75, the block 85 which ends the analysis step 40 if not 
verified (NO output) and with which the 1st discernment agreement field (or only) 
will be chosen (block 80), and reading will be tried if verified (YES output). If the 



numerals which are performed by the well-known method according to the type 
of the numerals read and which are read especially contain the character, the 
trial of reading reading, If the bar code or the two-dimensional code performed 
based on the character recognition in a fully reliable method is contained, reading 
comprises coding of agreement by a method exact enough. For example, if the 
method usually used is followed in the case of a bar code, the existence of the 
element (bar) of a series of colors which carry out a repetitive shift will be 
verified, It is verified whether the number of elements becomes equal to one 
predetermined value after all, and the width of each element is measured, The 
width or conditions predetermined [ at least ] in those some (for example, 
whether they are related mutually.) or it has the given order - **** - it is verified 
selectively whether it fills or not, the series of the number corresponding to the 
repetitive shift of the detected element is determined, and it is judged whether it 
is the agreement whose conditions an obtained number of series suit. 
[0037]Then, the block 90 with which it is verified whether reading was completed 
on the success reverse side. This step is dramatically important. It is because it 
is shown that the positive consequence of agreement reading has quality 
sufficient in order that the field currently examined may acquire the present value 
of a measurand (the statistical data used in order that it may adjust the value of a 
parameter will be specified if this invention is followed), the statistical data in 
which the field which is used in order that only the imaging range which 
guarantees good reading of optical agreement may change the value of a 
parameter, and which reading can be impossible or cannot fully be trusted on the 
other hand was actually obtained when following this invention - the right - 
things - since it cannot guarantee, these fields are refused. As a result, if reading 
does not take place (NO output from the block 90) and there are no block 95 and 
other fields where it is verified how [ from which other agreement fields were not 
detected in the searching step 70 of the same picture ] it is, . NO output is taken 
out from the block 95 and end the image-analysis step 40. Otherwise, (the YES 
output from the block 95 where other fields exist and which has the possibility of 
the existence of optical agreement in the same picture there), and the continuing 
agreement field are chosen, the block 100 and reading are tried, and it returns to 
the block 35. 

[0038]lf reading is successful (YES output from the block 90), one copy of the 
agreement field identified before will be chosen, namely, it will specifically 
consider that the field is best about quality. The center portion of the optical 
agreement by which decoding is carried out especially is chosen suitably, and an 
edge effect is removed (block 1 05 of window extraction). 
[0039]Then, the block 1 10 with which the exactly selected window is processed 
and the value of statistical data, i.e., a measurand, is gained. In particular, all the 
measurands are measured and calculated in this step, all the indices of the 
modification of all the deviations from the predetermined value of a maximum 
brightness value (namely, white level in 2 color agreement measured as a gray 
level), a minimum luminance value (black level), an average level, signal average 
energy, and the rate of an agreement element and agreement shape to it - ** is 



contained. On the luminosity scale especially contained between 0 and a 255 
binary level, on relevant luminosity conditions, a white level is a binary value near 
200, and a black level is [ ten ] near. Signal energy is calculable as square [ of 
the amplitude of the differential coefficient of a luminance signal ]. 
[0040]The block 115 with which every one statistical data calculated exactly is 
memorized on a suitable table about each variable. This statistical data is 
independently memorized suitably according to the distance (obtained from the 
height of the object in which that picture was detected) between an inspected 
object and the picture acquisition device 10. Because, it is preferred to memorize 
the number of the samples which are because the optimum value of a parameter 
is decided by this distance and from which these tables had been gained further 
so far, total value, and the average value calculated by dividing total value by a 
sample number. In practice, for every new acquisition, about each of the 
measured value, according to the value of the present height of an inspected 
object, one sample number is increased at a time, total value is updated, the 
newly gained value is applied to the pre- total, and average value is updated. 
[0041]The table of two different types is constituted depending on the 
measurement variable examined, the parameter combined with it, and the 
characteristic optimized, and the details are explained below with reference to 
drawing 7 and 8. 

[0042]lf it is verified whether the further agreement field exists in a picture as 
already stated in relation to the block 95 and it does not exist after a statistical 
data table is updated (block 115), the image-analysis step 40 is ended. 
[0043]Before explaining Step 50 for verifying the operating point in full detail, in 
order to optimize the characteristic of the method **** reading system of this 
invention, the mechanism for adjusting a parameter based on the gained 
statistical data is explained. Some characteristics (display brightness measured 
by the maximum and the minimum luminance value) actually, It has monotonous 
(it can know approximately correctly or at least) correlation to each of a control 
parameter (the amplitude profit of a picture acquisition device, and the output of 
the lighting part 12), for example, it is shown in drawing 4 showing the relation 
between the luminosity L and the profit G. Therefore, if based on a measurement 
variable value (the minimum and maximum brightness value) in this case, in 
order to optimize reading, it is easy to identify the amendment performed to the 
parameter value controlled. For example, after the predetermined number of 
acquisition, if all the agreement fields gained about specific height are dark colors 
(a predetermined value, for example, the maximum digitization luminance value 
lower than 180), it is required to increase a profit and/or to increase a lighting 
output (for example, voltage supplied to the lighting part 12). 
[0044]Other characteristics like the focusing capability measured by the energy 
of the electrical signal supplied by the picture acquisition device 10 in another 
side, It has more complicated correlation to each of a control parameter, and it is 
shown by drawing 5 showing the function which connects the position P to 
average energy E of for example, an automatic-focusing doubling device. In this 
case, in order to optimize reading, it is impossible to use directly the specific 



principle which connects a measurement variable and a control parameter 
(approximately [ even if]). In the case of the function of the type in which a curve 
has absolute maximum and which is shown in drawing 5 , the following problems 
actually exist. 

[0045]As for the absolute value of the maximum A, the operating point which 
cannot judge whether the picture which was changed to the picture and was 
exactly acquired from the picture for the reason is best is left-hand side or on the 
right-hand side of (in drawing 5 ) the maximum. It is impossible to judge whether it 
is located in the point B or the point C of having the same ordinate, therefore in 
order to improve reading, it is impossible to determine in which direction a 
focusing position must be changed. 

[0046]Therefore, in the case of the measurand combined with each of the control 
parameter in non-line type. By performing acquisition of a specified number 
accompanied by a change of the same desirable value positive and negative 
which made the value of the control parameter change slightly about the method 
of this invention, therefore the present setting out, While discernment of the 
bending point when the reading system was placed is attained, an alternative 
determination of the direction of the actual amendment of whether amendment is 
required judged and performed is attained. For example, if the system is located 
in the point C corresponding to the position P1 and the average energy E1 to 
acquisition of a specified number with reference to drawing 6 similar to drawing 
5, Only displacement +J is changed first, the value of a position shifts to the 
position P2, and the average energy value E2 is obtained after acquisition of a 
specified number in this way, and an initial value is displaced. - Only J is 
changed, it shifts to the position P3, and the average energy value E3 is obtained 
in this way. In this case, since the optimal read condition corresponds to the 
maximum energy level, clearly, a result best in the 2nd setting out (- J) is given, 
and the center value of a control parameter must be become final and conclusive 
by P3 in this way. 

[0047]Especially the absolute value of the displacement J must be large enough 
so that change of imaging quality may be discerned, however it must be small 
enough so that reading of optical agreement may not be barred. This 
displacement is suitably chosen within the interval between the minimum which 
makes possible verification of a characteristic variable and reading of optical 
agreement which were detected, and the maximum. It is because the direction of 
the displacement for autogenous control measurement taking place at the time of 
the normal system operation of a reading system, and optimizing operation is not 
identified, so it reads also about the displacement which is separating and 
moving from the optimal conditions and the function of a system must be 
maintained. 

[0048]A change of a control parameter based on predetermined displacement is 
made for every acquisition of every acquisition or a predetermined number. 
[0049]And in the case of the measurement variable and control parameter in 
monotonous correlation, in the data storage step 115, the table of the type of 
drawing 7 is used suitably. In the case of the measurement variable and control 



parameter in another side and un-monotonous correlation the sequence of total 
value is not indicated to be for simplification, the table of the type of drawing 8 is 
used there. There, sample number N (-J), N (+J) and calculated average energy 
E (-J), and E (+J) are shown about each of the value of objective height, and both 
displacement +J and -J. 

[0050]The operating point is verified based on above-mentioned explanation, and 
the step (block 50 of drawing 2 ) changed selectively is explained with reference 
to drawing 9 about a single control parameter. However, Step 50 is repeated 
after each image-analysis step 40 about each of the control parameter of a 
reading system. 

[0051]******** [ that first a reading system is in the state of self-study in the block 
150 ] (for the operating condition which should be examined, including the 
present distance between an inspected object and the picture acquisition device 
1 0) It is verified whether initial setting which reads possible has not been found 
out yet, or it is in the state of good regulation. In the case of the 1 st (YES output 
from the block 150), on the present operating condition, it is verified whether at 
least one proper agreement reading was performed (block 151). Otherwise, (NO 
output from the block 1 51 ) and a control parameter are set as the value which 
has not been used yet (block 150). The step of ****** food ****** between the self- 
learning steps to each acquired image which has not resulted by decoding of 
optical agreement, According to the predetermined scheme, it is designed scan 
all the values in which a control parameter is possible until setting out which 
makes agreement reading possible is found out in a specific operating condition. 
If agreement is correctly read by it, by it, a reading system will find out a series of 
permissible values about a control parameter. Succeedingly, it is further made 
exact based on statistical data so that it may explain in full detail below. 
[0052]ln order to set a focusing position as the height to which the object which 
supports the numerals read especially was given first, a reading system, In 
continuous acquisition, setting out of all the possible focusing positions is tried 
starting with initial setting (for example, random setting out in the position on 
which the automatic-focusing doubling device is put). For example, if the peculiar 
view depth of the optical system incorporated in the picture acquisition device 10 
is common knowledge, the increment of the value of a position will be carried out 
only the value of the half of peculiar view depth every interaction with a negative 
output, or after the interaction of a predetermined number. In practice, in the 1st 
height (for example, 10 cm) using the 1st focusing value, If the output of this 1st 
trial by which reading of the 1st is tried to the 1st objective group as opposed to 
the 1st object that moves in the bottom of the device 10 is negative, ** - in the 
1st same height, reading of the 2nd is tried to the 2nd group of the 2nd object or 
an object using the 2nd focusing value. Other control parameters are set up 
similarly, and in the completing point of the whole setting-out series for focusing, 
those initial values are similarly changed, when a series of setting out has not 
come to identify the series of the value which makes agreement reading 
possible, using the focusing value. 

[0053]When the present setting out makes reading of agreement possible, the 



self-learning step to the height currently examined is interrupted by the basis of 
control by (the YES output from the block 151), and NO output from the block 
150 (block 152), and a good regulation step is started. Even when the 
aforementioned process is repeated about all the objective possible height by it 
and initial manual setting is not performed, the 1st approximate value of each 
parameter is combined with each of height. 

[0054]Step 50 which verifies the operating point behind to setting out of the 
parameter value in a self-learning step is ended, it returns to the block 30 of 
drawing 2 , and the following picture is inspected. 

[0055]lf verification of the operating condition currently examined is completed on 
the other hand (NO output from the block 150), it will be verified whether enough 
statistical datas were gained about the parameter currently examined on the 
specific operating condition (block 165). For example, in order to avoid change 
which the parameter mistook in consideration of high image change nature, it is 
possible for the number of acquisition consider that is enough statistically to be 
included from 500 to 1000. If the output is negative (the insufficient number of 
acquisition, NO output from the block 165), If the result which completes Step 50 
which setting out is not changed but verifies the operating point is affirmative 
(YES output from the block 165), it will be judged whether the parameter 
currently examined is combined by each, and the monotonous function or the 
more complicated function of the measurement variable (block 1 70). 
[0056]ln the case of the 1st (YES output from the block 170), It is judged whether 
in consideration of the present operating condition, the statistical data (average 
value) memorized on the table of drawing 7 about the variable combined with a 
control parameter is in "the optimal interval" expressed with delta of drawing 4 t o 
which the operation which should be satisfied is performed (block 1 73). If the 
memorized average value is in the optimal interval (YES output from the block 
173), when [ which is not so ] Step 50 which verifies the operating point 
completes any change nothing, each of (NO output) and a control parameter will 
be changed (block 1 75). 

[0057]lf a desirable briefer embodiment is followed, direct, then the block 175 will 
be carried out from the block 1 70 to a YES output, and a control parameter will 
be stably changed using the curve of drawing 4 . 

[0058]When a different parameter exerts an operation on one measurand 
(therefore, characteristic that reading systems, such as a profit, a lighting output, 
etc. in connection with luminosity, correspond), in the way which is not illustrated, 
In consideration of both parameters, the trial which changes the furthest 
parameter from the fluctuation limit first becomes possible. For example, about 
the above-mentioned parameter, as for a profit, when the lighting output has 
already approached the maximum to being still a low value, it is possible to make 
only a profit increase first. Or it is also possible to apply a specific standard and 
to determine the quantity of which which parameter has changed, for example, it 
is possible to change two parameters by turns. Or it is also more possible to 
change both parameters simultaneously with a low value than being needed in 
change of one parameter. 



[0059]. After a value with a new control parameter is set up, the number of 
acquisition (sample) to which it corresponds for the statistical data memorized 
before and an operating condition under consideration is reset. And the value 
with a new control parameter is an operation interval (a parameter is defined as a 
reference interval which may change within the limits of it, and), it completing, 
otherwise, (NO output) and alarm being started (block 185), because the step 
which changes the operating point, if that value compared within the block 180 is 
in this interval (YES output), it is because at least one component parts of a 
reading system are going to start the operation in the dissatisfied state (for 
example, the lighting part 12 is exhausted) clearly - however, The reading 
system operates by the normal mode as much as possible, and it returns in order 
to acquire a new picture picture. 

[0060]lf it is monotonous-like [ a control parameter ], NO output will be taken out 
from the block 1 70, and a predetermined deviation will be applied as mentioned 
above with reference to drawing 6 . If it explains in full detail, it will be verified 
whether the meant predetermined deviation was already applied first (it is [ 
whether the average value of a measurement variable exists about both 
deviation +J of a control parameter, and -J, and ] the block 1 90). Otherwise, the 
value of a control parameter is updated based on the deviation which has not 
been examined yet (block 200), and the step which verifies the operating point is 
completed. If the result is affirmative (YES output from the block 190), "the 
examined value" of the parameter throat which statistical stored data is inspected 
and is examined will detect whether a measurement variable is optimized. And 
this value is chosen and is set up as a center value of the control parameter for 
the continuing acquisition. To it, above-mentioned deviation +J and -J are applied 
(block 195). 

[0061]Then, like the case of a monotone parameter, a statistical data and the 
gained sample number are reset to an operating condition under consideration, 
and it is judged whether it is contained in the operation interval which the new 
center value of the parameter meant with the execution step 1 80. 
[0062]As opposed to the center value with which the statistical data was also 
before set up in addition to the statistical data to a predetermined deviation when 
the regulation to precede was completed as a substitute of the described 
process, It is gained and a decision relevant to continuing setting out is made in 
consideration of all (about a center value and all the meant deviations) the 
statistical data. Therefore, if the center value set up before is in the optimal 
prescribed interval, it will not be changed like the case of a monotone parameter. 
Then, all the statistical datas and corresponding sample numbers are reset to the 
operating condition under examination, and Step 50 which verifies the operating 
point about the parameter is completed. 

[0063]The strong point of the described method is clear from the above- 
mentioned explanation. The optimization especially of this method to the 
continuous acquisition of-like at the time of a path which was external and was 
adapted for change of internal conditions is attained by this which predicts the 
acquisition parameter which should be set by performing statistical ********** 



about the picture which a large number precede. In the temporal analysis of 
change performed to the parameter for monitoring the optimal regulation 
especially. It becomes possible to decrease substantially the shutdown time of a 
reader which detects a situation before component parts deteriorate, and it 
becomes possible to emit the alarm which suited the right time, and originates in 
broken component parts, or to even remove it. 

[0064]By using only the picture ("SAKUSE seeds") read by the success reverse 
side, It becomes possible to control an unsuitable or inaccurate change of the 
parameter which the data influenced by the data or probable error which using 
the data which is statistically meaningful was guaranteed, and was pulled out 
from specific conditions should be eliminated, therefore should be controlled. The 
reliability of this method and the convergency to the optimum value of a 
parameter increase by using only the primary importance portion of the read 
numerals. 

[0065]ln the case of the parameter combined with the complicated function 
accompanied by each measurand, Even when these complicated functions are 
not beforehand known by searching the optimal parameter by introducing a minor 
change into a present value, it becomes possible to acquire and maintain the 
optimal operating condition by the process of "trial and error." 
[0066]lt is possible to perform many corrections and change finally to the method 
which was explained here and illustrated, and those all of be [ it / within the limits 
of this invention ] are clear so that an attachment claim may be defined. It is 
emphasized that especially an above-mentioned method not only enables the 
optimization to ****** of focusing and the luminosity of a picture, but it is 
applicable to other parameters. For example, when verifying whether whether it 
being hard to accept the dimensional relation between agreement elements, and 
it being widely different from the reference value and an inaccurate change are 
followed, this method can be used in order to fit the threshold used for decoding. 
It can be used in order to amend the value of an objective scan speed. Since the 
initial setting given externally is due to the presumed speed of advance of the 
different conveyor belt 2 from a actual speed detected by the optical encoder 5, 
Or because of the temporal change in a mechanical carrier system, since it is not 
functionally enough any longer (therefore, acquisition of the perverted picture is 
caused), it may not be right. 

[0067]However, generally, this method can be applied, when the acquired 
pictures differ greatly mutually. Therefore, when some fundamental parameters 
receive late fluctuation relatively compared with the acquisition frequency of a 
picture, And prediction regulation of a parameter needs to be performed, without 
the case that it is not possible to presume fluctuation of a parameter only using a 
sensor through a mathematical calculation, or where it is not convenient. 
[0068] 

[Effect of the InventionJAs explained above, according to this invention, in an 
optical code reading system, the automatic regulating method of the 
characteristic variable which suits especially when the variation speed of the 
various characteristics of a continuous picture is high can be provided. 



TECHNICAL FIELD 

[The technical field to which an invention belongs] This invention relates to the 
method of adjusting the characteristic of an optical code reading system 
automatically. 

PRIOR ART 

[Description of the Prior ArtJIn the following, the term of an "optical code" is used, 
when it means the graphic display which has the function to memorize the coded 
data. Although a linear code or two-dimensional numerals are contained in the 
specific example of an optical code, Data In this case, a bar code and stack-ized 
numerals (PDF417 is included), Maxi code (Maxicode), the data matrix 
(Datamatrix), It is coded by what combined appropriately the element with the 
predetermined shape, for example, the square, rectangle, or hexagon of the dark 
color (it is usually black) separated by bright elements (usually white space), 
such as QR numerals and color numerals. 

[0003]The term of an "optical code" further more generally contains non-coding 
characters (a character, a number, etc.) and specific patterns (a stamp, a logo, a 
signature, etc.). These information may be coded again, three or more colors, for 
example, a gray color tone. 
[0004]Numerals are for an optical code to exist. 

It is possible to read by acquiring a two-dimensional picture in the field that 
localizing the numerals within a picture is expected. 

[0005]The step which generally distinguishes first one or more fields where at 
least one numerals exist within the picture memorized immediately before for 
numerals localization, Next, the step of one ream which comprises the step 
which localizes a specific recognition pattern to each numerals, the step which 
gains the data about a actual numerals type, and the step which divides 
numerals into the last correctly is required. By next, this divided numerals picture 
is processed in order to extract the feature required for decoding, and eventually, 
in order to extract required data, decoding of these numerals is carried out. 
[0006]Although it can say that data was extracted, and especially decoding 
operation has been recognized to be exact, was begun, and was completed 
correctly, On the contrary, when a processing system succeeds in no extraction 
of data, when the probability that the extracted data is exact is insufficient, or 
when the extracted data is not equivalent to the data needed, it means 
completing it in the negative. 

[0007]Although it depends on some factors for the probability that reading will be 
successful, some things of them are the problems (for example, quality etc. of the 
optical code read) of the exterior of a reading system. 

Other things are based on the photoelectricity/mechanical parameter of a reading 
system. 



[0008]ln fact, it has the variable characteristic about the type and time of 
installation with each inspected thing like other physical systems with any reading 
systems. Especially the characteristic of a reading system changes with each 
component parts which constitute the inspected thing which has the 
characteristic of changing within specific common difference (breadth). In 
addition, the external conditions (for example, temperature) take many 
component parts for changing, and the characteristic changes and carries out 
degradation with the passage of time. 

[0009]although the calibration method used among the both sides of manufacture 
and installation is common knowledge in order to solve these problems - it - in 
addition, while operator control is carried out automatically and the system of 
relation is operating, a regulating method with an effect is common knowledge. 
[0010]ln the optical code reading system which reads the object which is carrying 
out unintercepted movement, although it is difficult especially to adjust the 
characteristic, this is because it is impossible to concentrate on a reference 
image and the characteristic of a picture gained very promptly. 
[001 1llf drawing 1 is referred to in order to understand the existing problem 
better, the place indicating the object 3 in which the conveyor belt 2 with which 
the common optical code reader named generically with the reference number 1 
is provided is supporting the optical code 4 which is a bar code in this case is 
shown. 

[0012]The conveyor belt 2 is combined with the optical encoder 5, and the speed 
of the object 3 is measured, in addition the existence sensor 6 and the height 
sensor 7 are put on one conveyor-belt 2 side. 

[0013]Above the conveyor belt 2, the picture acquisition device 10 which has the 
sensing area 11 and is pointing to the lighting part 12 is arranged. 
The picture acquisition device 10 is connected to the handling unit 13 which can 
also be included in the picture acquisition device 10 as an option again and 
which is expressed with the personal computer in this case. 

[0014]ln order for the system of the type shown in drawing 1 to operate correctly, 
it is indispensable to set correctly many parameters of the picture acquisition 
device 10 of the lighting part 12 and the handling unit 13. In particular, in an 
optical code reading system, although there are picture focusing and luminosity 
in the indispensable characteristic, there is fixed modification of the dimension on 
the appearance of the object which is caused by printing and/or the far and near 
phenomenon, for example, is read, and an optical code in other important 
characteristics. These characteristics can be detected by measuring physical 
quantity of a certain kind directly. For example, although focusing of a picture is 
detectable by measuring the energy of the analog signal supplied from the 
picture acquisition device 10, or a digital signal, it is because luminosity 
inclination is low, therefore the energy of the picture which faded is also low so 
that **** [ the reason ]. 

[0015]lt depends for the various characteristics of a reading system, therefore a 
corresponding measurand on the value of two or more parameters of a reading 



system. For example, the following are important in the parameter which can be 
adjusted. The position of an automatic-focusing doubling device, the sensitivity (.) 
of the picture acquisition device 10 Namely, the profit of the circuit in the device 
10 which acquires the electrical signal produced in the sensing area 11, and 
performs initial processing, the scan speed of the object which is emitted by the 
illuminating devices 1 1 and which is outputted and (namely, service voltage 
which is given to the lighting part 12, and which is carried out) investigated 
(although set up externally) It is a threshold required for the decoding processing 
which is dependent on the movement speed of the conveyor belt 2, and judges 
whether a specific voltage level corresponds to "white" or "black", for example. 
[0016]lt depends for some optimum values of these parameters (a metaphor is 
the irradiation output and sensitivity of the position of an automatic-focusing 
doubling device, and a television camera) on the height of the object to the 
picture acquisition device 1 0. 

[001 7](For example, like [ of the shot of television ]) In the reading system by 
which the pictures acquired differ little by little mutually, the problem which 
optimizes these parameters is already solved by various methods. [ one ] [ after 
another ] For example, the television camera for televisions of all the marketing 
has an automatic gain control function, and it is possible to suit various lighting 
conditions. It becomes possible to fit oneself of a television camera to the 
sensitivity for acquiring the following picture considered not to differ from the 
picture greatly by analyzing the acquired newest picture. Similarly, all the 
commercial television cameras have an automatic-focusing doubling device 
which analyzes the newest obtained image (based for example, on color 
convergence). 

[0018]Actually, feedback mechanism is used in order to acquire the best imaging 
quality promptly. 

EFFECT OF THE INVENTION 

[Effect of the InventionjAs explained above, according to this invention, in an 
optical code reading system, the automatic regulating method of the 
characteristic variable which suits especially when the variation speed of the 
various characteristics of a continuous picture is high can be provided. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the InventionJHowever, when the picture acquired 
succeeding the case where the variation speed of a picture characteristic 
becomes large too much, and it becomes impossible to compare with acquisition 
speed may completely be mutually different, above-mentioned feedback 
mechanism does not function any longer. In such a case, it is required for the 
characteristic of the following picture to predict to appear in a television camera, 
and to optimize all the acquisition parameters beforehand. 
[0020]For example, although predicting capability can be heightened by using the 
additional sensor which supplies beforehand the data about the distance 
between an object and a television camera, or its average luminance, this 



method is not enough in many cases. 

[0021 ]For example, change of the lighting resulting from degradation of a lamp 
with the passage of time cannot be measured depending on only calculating the 
average measurement luminance value of the object which should be gained (for 
the reason, it cannot amend again). When a dark object continues extremely 
long, a lighting unit may be suddenly judged to have carried out degradation with 
the passage of time. 

[0022]Similarly, the optimal focusing position may be changed in time influenced 
by the electromechanical various characteristics of fluctuation of an automatic- 
focusing doubling positioning device or distance sensors. 
[0023]The purpose of this invention is to provide the automatic regulating method 
of the characteristic variable which suits especially when the variation speed of 
the various characteristics of a continuous picture is high in an optical code 
reading system. 

MEANS 

[Means for Solving the ProblemJIf this invention is followed, a method for 
adjusting automatically at least one characteristic variable of an optical 
agreement reading system characterized at the following steps is provided. 
[0025]acquisition of a step a picture, and Step b - at least one optical agreement 
in the picture is read, [ try and ] Step c - verification of whether the reading was 
completed correctly, and Step d - acquisition of the characteristic variable about 
the picture when that is right, and Step e -- change of at least one controlled 
parameter which acts on change of the acquired characteristic variable. 
[0026]A characteristic variable (or quantity) is acquired suitably several times, an 
average statistical data is acquired about reading of a large number, and a real 
qualitative difference between continuous pictures is measured. Regulation is 
performed continuously and change of the characteristic of a reading system 
resulting from change of component parts of an environmental cause or an inside 
is monitored. 

[0027]Display brightness and the focusing characteristic are contained in quantity 
of the characteristic adjusted, and a control parameter is chosen as it from a 
focusing position, picture acquisition sensitivity, a lighting output, a judgment 
threshold used for reading, and image scanning speed. 

[0028JA control parameter, respectively and when a relation between each of the 
amount of characteristics is not known, This method changes a value of the 
present parameter with one positive small displacement and one negative small 
displacement at least from the current value, and assesses which [ of the two 
displacement ] gives better imaging quality. In continuing reading to lengthen, a 
value with a new control parameter turns into a center value. By repeating this 
process, it becomes easy to move a center value of a control parameter toward 
optimal position promptly, and it can monitor any change of-like at the time of a 
path of this position. 

[0029]The further characteristic of this invention will become clear by explanation 
of a desirable embodiment which is given as completely un-restrictive illustration, 



and is described with reference to the following accompanying drawings. 
[0030] 

[Embodiment of the lnvention]By this invention, if it is possible only for the initial 
learning time (it is not assumed that the reading system is operating correctly in 
the meantime) when a reading system is specific to stand by, It becomes 
possible using an initial self-learning process to initialize the parameter of an 
optical agreement reading system, It becomes possible to change continuously 
the present regulation for fitting parameter value to the-like change at the time of 
the surrounding environment and the path of internal component parts further 
again using the optimized method (autogenous control). 
[0031 ]ln the embodiment of drawing 2 w hich follows this invention especially, 
there is an alternative step of initial setting of a parameter first (block 20). This 
step is manual, once a reading system is attached, it is carried out (or after 
maintenance discontinuation of component-parts exchange), but it can 
abbreviate to having already stated. 

[0032]Then, the block 30 with which a picture including the optical agreement 
which should be inspected is acquired, in a reading process - this article - for 
the autogenous control at the time of a standard operation also for self-study in 
case a reading system carries out the operation start of this qualitative picture 
acquisition - this article - it is qualitative. It is peculiar to all the optical 
agreement reading systems, and picture acquisition is performed in accordance 
with the well-known method using CCD or CMOS type linearity or a matrix 
sensor, and supplies the analog or the digital electrical signal relevant to a 
luminance level of each dot (pixel) which forms a picture. 
[0033]Then, the block 40 with which the acquired picture is analyzed, this 
analysis described below with reference to drawing 3 is unnecessary to 
regulation of a control parameter, when the purpose of trying the purpose of 
searching the present optical agreement (two or more optical agreements), 
decoding, or recognition, and a positive consequence come out in a picture - it 
has the purpose which gains the image volume of shoes and is memorized 
appropriately. 

[0034]The block 50 whose monitor of dynamic change of a reading system it is 
finally judged whether it is necessary to change the operating point of a reading 
(given by 1 set of present value of control parameter) system, and the initial self- 
study of is attained, or is attained. Although an operating point change step is 
explained below with reference to drawing 4 thru/or drawing 9 , following on it, it 
returns to the block 20 and acquisition of a new picture is performed. 
[0035]The step (block 40 of drawing 2 ) which analyzes the acquired picture is 
explained with reference to drawing 3 . The block 70 which will search first the 
field which probably includes optical agreement within the picture which the 
handling unit 13 was gained and was memorized if it explains in full detail. This 
step is performed using the method of the common knowledge which searches 
for the field which has the biggest contrast within a picture, for example. 
Agreement is formed of an element or structure with a different color (for 
example, white and black), and it is because the specific repetitive shift of the 



color is the purpose of coding. 

[0036]. Then, a reading system verifies whether at least one agreement field was 
identified. The block 75, the block 85 which ends the analysis step 40 if not 
verified (NO output) and with which the 1st discernment agreement field (or only) 
will be chosen (block 80), and reading will be tried if verified (YES output). If the 
numerals which are performed by the well-known method according to the type 
of the numerals read and which are read especially contain the character, the 
trial of reading reading, If the bar code or the two-dimensional code performed 
based on the character recognition in a fully reliable method is contained, reading 
comprises coding of agreement by a method exact enough. For example, if the 
method usually used is followed in the case of a bar code, the existence of the 
element (bar) of a series of colors which carry out a repetitive shift will be 
verified, It is verified whether the number of elements becomes equal to one 
predetermined value after all, and the width of each element is measured, The 
width or conditions predetermined [ at least ] in those some (for example, 
whether they are related mutually.) or it has the given order - **** - it is verified 
selectively whether it fills or not, the series of the number corresponding to the 
repetitive shift of the detected element is determined, and it is judged whether it 
is the agreement whose conditions an obtained number of series suit. 
[0037]Then, the block 90 with which it is verified whether reading was completed 
on the success reverse side. This step is dramatically important. It is because it 
is shown that the positive consequence of agreement reading has quality 
sufficient in order that the field currently examined may acquire the present value 
of a measurand (the statistical data used in order that it may adjust the value of a 
parameter will be specified if this invention is followed), the statistical data in 
which the field which is used in order that only the imaging range which 
guarantees good reading of optical agreement may change the value of a 
parameter, and which reading can be impossible or cannot fully be trusted on the 
other hand was actually obtained when following this invention - the right - 
things - since it cannot guarantee, these fields are refused. As a result, if reading 
does not take place (NO output from the block 90) and there are no block 95 and 
other fields where it is verified how [ from which other agreement fields were not 
detected in the searching step 70 of the same picture ] it is, . NO output is taken 
out from the block 95 and end the image-analysis step 40. Otherwise, (the YES 
output from the block 95 where other fields exist and which has the possibility of 
the existence of optical agreement in the same picture there), and the continuing 
agreement field are chosen, the block 100 and reading are tried, and it returns to 
the block 35. 

[0038]lf reading is successful (YES output from the block 90), one copy of the 
agreement field identified before will be chosen, namely, it will specifically 
consider that the field is best about quality. The center portion of the optical 
agreement by which decoding is carried out especially is chosen suitably, and an 
edge effect is removed (block 105 of window extraction). 
[0039]Then, the block 1 10 with which the exactly selected window is processed 
and the value of statistical data, i.e., a measurand, is gained. In particular, all the 



measurands are measured and calculated in this step, all the indices of the 
modification of all the deviations from the predetermined value of a maximum 
brightness value (namely, white level in 2 color agreement measured as a gray 
level), a minimum luminance value (black level), an average level, signal average 
energy, and the rate of an agreement element and agreement shape to it - ** is 
contained. On the luminosity scale especially contained between 0 and a 255 
binary level, on relevant luminosity conditions, a white level is a binary value near 
200, and a black level is [ ten ] near. Signal energy is calculable as square [ of 
the amplitude of the differential coefficient of a luminance signal ]. 
[0040]The block 115 with which every one statistical data calculated exactly is 
memorized on a suitable table about each variable. This statistical data is 
independently memorized suitably according to the distance (obtained from the 
height of the object in which that picture was detected) between an inspected 
object and the picture acquisition device 10. Because, it is preferred to memorize 
the number of the samples which are because the optimum value of a parameter 
is decided by this distance and from which these tables had been gained further 
so far, total value, and the average value calculated by dividing total value by a 
sample number. In practice, for every new acquisition, about each of the 
measured value, according to the value of the present height of an inspected 
object, one sample number is increased at a time, total value is updated, the 
newly gained value is applied to the pre- total, and average value is updated. 
[0041 ]The table of two different types is constituted depending on the 
measurement variable examined, the parameter combined with it, and the 
characteristic optimized, and the details are explained below with reference to 
drawing 7 and 8. 

[0042]lf it is verified whether the further agreement field exists in a picture as 
already stated in relation to the block 95 and it does not exist after a statistical 
data table is updated (block 115), the image-analysis step 40 is ended. 
[0043]Before explaining Step 50 for verifying the operating point in full detail, in 
order to optimize the characteristic of the method **** reading system of this 
invention, the mechanism for adjusting a parameter based on the gained 
statistical data is explained. Some characteristics (display brightness measured 
by the maximum and the minimum luminance value) actually, It has monotonous 
(it can know approximately correctly or at least) correlation to each of a control 
parameter (the amplitude profit of a picture acquisition device, and the output of 
the lighting part 12), for example, it is shown in drawing 4 showing the relation 
between the luminosity L and the profit G. Therefore, if based on a measurement 
variable value (the minimum and maximum brightness value) in this case, in 
order to optimize reading, it is easy to identify the amendment performed to the 
parameter value controlled. For example, after the predetermined number of 
acquisition, if all the agreement fields gained about specific height are dark colors 
(a predetermined value, for example, the maximum digitization luminance value 
lower than 180), it is required to increase a profit and/or to increase a lighting 
output (for example, voltage supplied to the lighting part 12). 
[0044]Other characteristics like the focusing capability measured by the energy 



of the electrical signal supplied by the picture acquisition device 10 in another 
side, It has more complicated correlation to each of a control parameter, and it is 
shown by drawing 5 showing the function which connects the position P to 
average energy E of for example, an automatic-focusing doubling device. In this 
case, in order to optimize reading, it is impossible to use directly the specific 
principle which connects a measurement variable and a control parameter 
(approximately [ even if]). In the case of the function of the type in which a curve 
has absolute maximum and which is shown in drawing 5 . the following problems 
actually exist. 

[0045]As for the absolute value of the maximum A, the operating point which 
cannot judge whether the picture which was changed to the picture and was 
exactly acquired from the picture for the reason is best is left-hand side or on the 
right-hand side of (in drawing 5 ) the maximum. It is impossible to judge whether it 
is located in the point B or the point C of having the same ordinate, therefore in 
order to improve reading, it is impossible to determine in which direction a 
focusing position must be changed. 

[0046]Therefore, in the case of the measurand combined with each of the control 
parameter in non-line type. By performing acquisition of a specified number 
accompanied by a change of the same desirable value positive and negative 
which made the value of the control parameter change slightly about the method 
of this invention, therefore the present setting out, While discernment of the 
bending point when the reading system was placed is attained, an alternative 
determination of the direction of the actual amendment of whether amendment is 
required judged and performed is attained. For example, if the system is located 
in the point C corresponding to the position P1 and the average energy E1 to 
acquisition of a specified number with reference to drawing 6 similar to drawing 
5, Only displacement +J is changed first, the value of a position shifts to the 
position P2, and the average energy value E2 is obtained after acquisition of a 
specified number in this way, and an initial value is displaced. - Only J is 
changed, it shifts to the position P3, and the average energy value E3 is obtained 
in this way. In this case, since the optimal read condition corresponds to the 
maximum energy level, clearly, a result best in the 2nd setting out (- J) is given, 
and the center value of a control parameter must be become final and conclusive 
by P3 in this way. 

[0047]Especially the absolute value of the displacement J must be large enough 
so that change of imaging quality may be discerned, however it must be small 
enough so that reading of optical agreement may not be barred. This 
displacement is suitably chosen within the interval between the minimum which 
makes possible verification of a characteristic variable and reading of optical 
agreement which were detected, and the maximum. It is because the direction of 
the displacement for autogenous control measurement taking place at the time of 
the normal system operation of a reading system, and optimizing operation is not 
identified, so it reads also about the displacement which is separating and 
moving from the optimal conditions and the function of a system must be 
maintained. 



[0048]A change of a control parameter based on predetermined displacement is 
made for every acquisition of every acquisition or a predetermined number. 
[0049]And in the case of the measurement variable and control parameter in 
monotonous correlation, in the data storage step 115, the table of the type of 
drawing 7 is used suitably. In the case of the measurement variable and control 
parameter in another side and un-monotonous correlation the sequence of total 
value is not indicated to be for simplification, the table of the type of drawing 8 is 
used there. There, sample number N (-J), N (+J) and calculated average energy 
E (-J), and E (+J) are shown about each of the value of objective height, and both 
displacement +J and -J. 

[0050]The operating point is verified based on above-mentioned explanation, and 
the step (block 50 of drawing 2 ) changed selectively is explained with reference 
to drawing 9 about a single control parameter. However, Step 50 is repeated 
after each image-analysis step 40 about each of the control parameter of a 
reading system. 

[0051]******** [ that first a reading system is in the state of self-study in the block 
150 ] (for the operating condition which should be examined, including the 
present distance between an inspected object and the picture acquisition device 
10) It is verified whether initial setting which reads possible has not been found 
out yet, or it is in the state of good regulation. In the case of the 1 st (YES output 
from the block 150), on the present operating condition, it is verified whether at 
least one proper agreement reading was performed (block 151). Otherwise, (NO 
output from the block 151 ) and a control parameter are set as the value which 
has not been used yet (block 1 50). The step of ****** food ****** between the self- 
learning steps to each acquired image which has not resulted by decoding of 
optical agreement, According to the predetermined scheme, it is designed scan 
all the values in which a control parameter is possible until setting out which 
makes agreement reading possible is found out in a specific operating condition. 
If agreement is correctly read by it, by it, a reading system will find out a series of 
permissible values about a control parameter. Succeedingly, it is further made 
exact based on statistical data so that it may explain in full detail below. 
[0052]ln order to set a focusing position as the height to which the object which 
supports the numerals read especially was given first, a reading system, In 
continuous acquisition, setting out of all the possible focusing positions is tried 
starting with initial setting (for example, random setting out in the position on 
which the automatic-focusing doubling device is put). For example, if the peculiar 
view depth of the optical system incorporated in the picture acquisition device 10 
is common knowledge, the increment of the value of a position will be carried out 
only the value of the half of peculiar view depth every interaction with a negative 
output, or after the interaction of a predetermined number. In practice, in the 1st 
height (for example, 10 cm) using the 1st focusing value, If the output of this 1st 
trial by which reading of the 1st is tried to the 1st objective group as opposed to 
the 1st object that moves in the bottom of the device 10 is negative, ** - in the 
1st same height, reading of the 2nd is tried to the 2nd group of the 2nd object or 
an object using the 2nd focusing value. Other control parameters are set up 



similarly, and in the completing point of the whole setting-out series for focusing, 
those initial values are similarly changed, when a series of setting out has not 
come to identify the series of the value which makes agreement reading 
possible, using the focusing value. 

[0053]When the present setting out makes reading of agreement possible, the 
self-learning step to the height currently examined is interrupted by the basis of 
control by (the YES output from the block 151), and NO output from the block 
150 (block 152), and a good regulation step is started. Even when the 
aforementioned process is repeated about all the objective possible height by it 
and initial manual setting is not performed, the 1 st approximate value of each 
parameter is combined with each of height. 

[0054]Step 50 which verifies the operating point behind to setting out of the 
parameter value in a self-learning step is ended, it returns to the block 30 of 
drawing 2 , and the following picture is inspected. 

[0055] If verification of the operating condition currently examined is completed on 
the other hand (NO output from the block 150), it will be verified whether enough 
statistical datas were gained about the parameter currently examined on the 
specific operating condition (block 165). For example, in order to avoid change 
which the parameter mistook in consideration of high image change nature, it is 
possible for the number of acquisition consider that is enough statistically to be 
included from 500 to 1000. If the output is negative (the insufficient number of 
acquisition, NO output from the block 165), If the result which completes Step 50 
which setting out is not changed but verifies the operating point is affirmative 
(YES output from the block 165), it will be judged whether the parameter 
currently examined is combined by each, and the monotonous function or the 
more complicated function of the measurement variable (block 1 70). 
[0056]ln the case of the 1 st (YES output from the block 1 70), It is judged whether 
in consideration of the present operating condition, the statistical data (average 
value) memorized on the table of drawing 7 about the variable combined with a 
control parameter is in "the optimal interval" expressed with delta of drawing 4 to 
which the operation which should be satisfied is performed (block 173). If the 
memorized average value is in the optimal interval (YES output from the block 
173), when [ which is not so ] Step 50 which verifies the operating point 
completes any change nothing, each of (NO output) and a control parameter will 
be changed (block 175). 

[0057]lf a desirable briefer embodiment is followed, direct, then the block 175 will 
be carried out from the block 1 70 to a YES output, and a control parameter will 
be stably changed using the curve of drawing 4 . 

[0058]When a different parameter exerts an operation on one measurand 
(therefore, characteristic that reading systems, such as a profit, a lighting output, 
etc. in connection with luminosity, correspond), in the way which is not illustrated, 
In consideration of both parameters, the trial which changes the furthest 
parameter from the fluctuation limit first becomes possible. For example, about 
the above-mentioned parameter, as for a profit, when the lighting output has 
already approached the maximum to being still a low value, it is possible to make 



only a profit increase first. Or it is also possible to apply a specific standard and 
to determine the quantity of which which parameter has changed, for example, it 
is possible to change two parameters by turns. Or it is also more possible to 
change both parameters simultaneously with a low value than being needed in 
change of one parameter. 

[0059]. After a value with a new control parameter is set up, the number of 
acquisition (sample) to which it corresponds for the statistical data memorized 
before and an operating condition under consideration is reset. And the value 
with a new control parameter is an operation interval (a parameter is defined as a 
reference interval which may change within the limits of it, and), it completing, 
otherwise, (NO output) and alarm being started (block 185), because the step 
which changes the operating point, if that value compared within the block 180 is 
in this interval (YES output), it is because at least one component parts of a 
reading system are going to start the operation in the dissatisfied state (for 
example, the lighting part 12 is exhausted) clearly - however, The reading 
system operates by the normal mode as much as possible, and it returns in order 
to acquire a new picture picture. 

[0060]lf it is monotonous-like [ a control parameter ], NO output will be taken out 
from the block 170, and a predetermined deviation will be applied as mentioned 
above with reference to drawing 6 . If it explains in full detail, it will be verified 
whether the meant predetermined deviation was already applied first (it is [ 
whether the average value of a measurement variable exists about both 
deviation +J of a control parameter, and -J, and ] the block 1 90). Otherwise, the 
value of a control parameter is updated based on the deviation which has not 
been examined yet (block 200), and the step which verifies the operating point is 
completed. If the result is affirmative (YES output from the block 190), "the 
examined value" of the parameter throat which statistical stored data is inspected 
and is examined will detect whether a measurement variable is optimized. And 
this value is chosen and is set up as a center value of the control parameter for 
the continuing acquisition. To it, above-mentioned deviation +J and -J are applied 
(block 195). 

[0061]Then, like the case of a monotone parameter, a statistical data and the 
gained sample number are reset to an operating condition under consideration, 
and it is judged whether it is contained in the operation interval which the new 
center value of the parameter meant with the execution step 1 80. 
[0062]As opposed to the center value with which the statistical data was also 
before set up in addition to the statistical data to a predetermined deviation when 
the regulation to precede was completed as a substitute of the described 
process, It is gained and a decision relevant to continuing setting out is made in 
consideration of all (about a center value and all the meant deviations) the 
statistical data. Therefore, if the center value set up before is in the optimal 
prescribed interval, it will not be changed like the case of a monotone parameter. 
Then, all the statistical datas and corresponding sample numbers are reset to the 
operating condition under examination, and Step 50 which verifies the operating 
point about the parameter is completed. 



[0063]The strong point of the described method is clear from the above- 
mentioned explanation. The optimization especially of this method to the 
continuous acquisition of-like at the time of a path which was external and was 
adapted for change of internal conditions is attained by this which predicts the 
acquisition parameter which should be set by performing statistical ********** 
about the picture which a large number precede. In the temporal analysis of 
change performed to the parameter for monitoring the optimal regulation 
especially. It becomes possible to decrease substantially the shutdown time of a 
reader which detects a situation before component parts deteriorate, and it 
becomes possible to emit the alarm which suited the right time, and originates in 
broken component parts, or to even remove it. 

[0064]By using only the picture ("SAKUSE seeds") read by the success reverse 
side, It becomes possible to control an unsuitable or inaccurate change of the 
parameter which the data influenced by the data or probable error which using 
the data which is statistically meaningful was guaranteed, and was pulled out 
from specific conditions should be eliminated, therefore should be controlled. The 
reliability of this method and the convergency to the optimum value of a 
parameter increase by using only the primary importance portion of the read 
numerals. 

[0065]ln the case of the parameter combined with the complicated function 
accompanied by each measurand, Even when these complicated functions are 
not beforehand known by searching the optimal parameter by introducing a minor 
change into a present value, it becomes possible to acquire and maintain the 
optimal operating condition by the process of "trial and error." 
[0066]lt is possible to perform many corrections and change finally to the method 
which was explained here and illustrated, and those all of be [ it / within the limits 
of this invention ] are clear so that an attachment claim may be defined. It is 
emphasized that especially an above-mentioned method not only enables the 
optimization to ****** of focusing and the luminosity of a picture, but it is 
applicable to other parameters. For example, when verifying whether whether it 
being hard to accept the dimensional relation between agreement elements, and 
it being widely different from the reference value and an inaccurate change are 
followed, this method can be used in order to fit the threshold used for decoding. 
It can be used in order to amend the value of an objective scan speed. Since the 
initial setting given externally is due to the presumed speed of advance of the 
different conveyor belt 2 from a actual speed detected by the optical encoder 5, 
Or because of the temporal change in a mechanical carrier system, since it is not 
functionally enough any longer (therefore, acquisition of the perverted picture is 
caused), it may not be right. 

[0067]However, generally, this method can be applied, when the acquired 
pictures differ greatly mutually. Therefore, when some fundamental parameters 
receive late fluctuation relatively compared with the acquisition frequency of a 
picture, And prediction regulation of a parameter needs to be performed, without 
the case that it is not possible to presume fluctuation of a parameter only using a 
sensor through a mathematical calculation, or where it is not convenient. 



[Brief Description of the Drawings] 

[Drawing 1l The figure showing an optical agreement reading system. 
fDrawing 21 The flow chart showing operation of the method concerning this 
invention. 

[Drawing 31 The flow chart showing detailed operation of a block of drawing 2 . 
[Drawing 41 The figure showing the function relevant to some parameters 
controlled in the system in drawing 1 accompanied by each controlled variable. 
[Drawing 51 The figure showing the function relevant to some parameters 
controlled in the system in drawing 1 accompanied by each controlled variable. 
[Drawing 61 The figure showing the function relevant to some parameters 
controlled in the system in drawing 1 accompanied by each controlled variable. 
fDrawing 71 The figure showing a table effective in the method of this invention. 
[Drawing 81 The figure showing a table effective in the method of this invention. 
[Drawing 91 The figure showing the detailed flow of another block of drawing 2 . 
[Description of Notations] 

1 [ - An optical code, 5 / - An optical encoder, 6 / - An existence sensor, 7 / - A 
height sensor, 10 / - A picture acquisition device, 1 1 / - A sensing area, 12 / - A 
lighting part, 13 / - Handling unit. ] - An optical code reader, 2 - A conveyor 
belt, 3 - An object, 4 

[Claim(s)] 

[Claim 1]A method characterized by comprising the following of adjusting 
automatically at least one characteristic variable in an optical code reading 
system. 

Step a which acquires a picture. 

Step b tried in order to read at least one optical code in said picture. 

Step c which verifies whether said reading operation was completed on the 

success reverse side. 

Step d which detects said characteristic variable of said picture when having 
completed is verified. 

Step e which corrects at least one controlled parameter which acts on change of 
said measuring-characteristics variable. 

[Claim 2]A method according to claim 1 , wherein said step e which repeat 
execution of said step a thru/or Step d is carried out, and gains a statistical data 
for two or more pictures by this, and corrects at least one characteristics 
parameter is performed based on said statistical data. 

[Claim 3]A method of adjusting said at least one control parameter continuously 
by carrying out repeat execution even of said step a thru/or Step e according to 
claim 1 or 2. 

[Claim 4]A method according to claim 3, wherein it is a value to which said 
parameter enables said minimum to correct only a daily dose between the 
minimum and the maximum and to evaluate change of said detected 
characteristic variable and said maximum is a value in which said step c to verify 
has a result of plus. 



[Claim 5]A method according to claim 3 or 4 whenever reading is performed said 
step adjusted continuously, wherein it performs. 

[Claim 6]A method according to claim 3 or 4 whenever reading is performed only 
the number of times predetermined in said step adjusted continuously, wherein it 
performs. 

[Claim 7]A method of claim 1 , wherein said characteristic variable is chosen from 
display brightness and focusing quality thru/or claim 6 given in any 1 paragraph. 
[Claim 8]A method of claim 1 , wherein said step which detects at least one 
characteristic variable contains a step which measures a value of width change 
of maximum luminance, minimum luminance, average luminance, luminance- 
signal energy, and a code element, and modification of an optical code at present 
thru/or claim 7 given in any 1 paragraph. 

[Claim 9]A method of claim 1 , wherein said at least one control parameter is 
chosen from a focusing position, picture acquisition sensitivity, a lighting output, a 
reading determination threshold, and image scanning speed thru/or claim 8 given 
in any 1 paragraph. 

[Claim 10]A method comprising of claim 1 thru/or claim 9 given in any 1 
paragraph: 

A step to which said step d which detects at least one characteristic variable 
extracts a window from a field of said picture and to carry out. 
A step which acquires said characteristic variable in said window. 

[Claim 11]A method according to claim 10, wherein said window is arranged to 
said field at a center. 

[Claim 12]A method according to claim 10 or 11 containing a step which localizes 
a field where said step b which tries reading includes an optical code in said 
picture. 

[Claim 13]A method of claim 1 thru/or claim 12 given in any 1 paragraph that said 
step e which corrects at least one control parameter is characterized by including 
a step to which said control parameter verifies whether it has a monotonous 
relation to said characteristic variable. 
[Claim 14]A method comprising according to claim 13: 

A step which verifies whether said at least one characteristic variable is settled in 
a predetermined interval. 

A step which corrects said control parameter when that is not right. 

[Claim 15]A method comprising according to claim 14: 

A step which acquires a center value of said control parameter. 

A step which determines the 1 st adjusted value of said control parameter 

obtained by carrying out the increment only of the 1st predetermined daily dose 

to said center value. 

A step which acquires a picture read by at least one success reverse side. 
A step which acquires the 1st weighted solidity of said characteristic variable 
from said 1st at least one picture, A step which determines the 2nd adjusted 
value of said control parameter obtained by decreasing only the 2nd 



predetermined daily dose from said center value, A step which acquires a picture 
read by at least one success reverse side, When a step which gains the 2nd 
adjusted value of said characteristic variable from said 2nd at least one picture, 
and said 1 st adjusted value of said characteristic variable are better than said 
2nd weighted solidity, A step which changes said center value of said control 
parameter interrelatively to said 1st adjusted value of said control parameter, and 
updates said center value of said control parameter interrelatively to said 2nd 
adjusted value of said control parameter when that is not right. 

[Claim 16]A method according to claim 15 that the said 1st and 2nd 
predetermined daily dose is characterized by a mutually equal thing. 
[Claim 17]A method of it being large enough for said 1st [ the ] and the 2nd daily 
dose producing a measurable change of said characteristic variable, and being 
small enough to such an extent that the reading possibility of an optical code is 
not influenced according to claim 15 or 16. 

[Claim 18]A method comprising of claim 15 thru/or claim 17 given in any 1 
paragraph: 

A step which acquires a picture read by 3rd at least one success reverse side 
after said step which acquires a center value. 

A step by which the 3rd weighted solidity of said characteristic variable is 
acquired from said 3rd at least one picture, and said center value is not updated 
when said 3rd weighted solidity of said characteristic variable is better than said 
1st [ the ] and the 2nd weighted solidity. 

[Claim 19]A method of claim 13, wherein said step which detects a characteristic 
variable contains a step which memorizes a table thru/or claim 18 given in any 1 
paragraph. 

[Claim 20]A method according to claim 19 whenever said memory step is 
performed [ a step which detects at least one characteristic variable ], wherein it 
contains a sample number from which said characteristic variable was acquired, 
and a step which updates average value of said characteristic variable. 
[Claim 21 ]A method according to claim 19 or 20 whenever a step which detects 
at least one characteristic variable is performed, wherein said memory step 
contains a step which updates each field of said table to each operating state. 
[Claim 22]The generic claim 19th, wherein a step which corrects at least one 
control parameter contains further a step which resets said gained sample 
number and said average value of said characteristic variable thru/or a method of 
claim 21 given in any 1 paragraph. 

[Claim 23]A method of claim 19 characterized by what said step which detects a 
characteristic variable contains a step which memorizes a table to each 
characteristic variable for including two or more characteristic daily doses thru/or 
claim 22 given in any 1 paragraph. 

[Claim 24]A method of claim 1 performing a step which carries out self-study and 
sets up an initial approximate value of said at least one control parameter before 
said step a to the step e thru/or claim 23 given in any 1 paragraph. 



[Claim 25]A method comprising according to claim 24: 

Step f which acquires a picture in which said self-learning step has a test value of 
said control parameter. 

Step g which tries reading at least one optical code in said picture. 

Step h which intercepts said self-learning step and performs said step d and Step 

e when said reading operation is a success. 

Step i which corrects said test value of said control parameter with the new test 
value which was not before used when said reading scan was unsuccessful, and 
Step j which carries out repeat execution of said step a thru/or the ** step h. 

[Claim 26]A method of claim 1 performing a step which verifies whether said 
control parameter has a permission possible value after said step which corrects 
at least one control parameter, and a step which generates an alarm signal when 
not had thru/or claim 25 given in any 1 paragraph. 



